Objective: To compare iodine intakes estimated from weighed dietary records with iodine intakes obtained by direct analysis of duplicate diets in a group of vegans. Design: Cross-sectional study. Setting: London and the south-east of England. Subjects: Thirty-three vegans consuming their habitual diet were recruited through the UK Vegan Society; 26 subjects (11 males, 15 females), age 21 -84 y, completed the study. Interventions: Iodine intakes were estimated from 4 day weighed dietary records and compared with iodine intakes obtained by direct analysis of concurrent 4 day duplicate diets. Results: There was wide variation in iodine intakes. Mean daily iodine intake in males was significantly lower (P < 0.05) when estimated from dietary records (42 mg) compared with that analysed from duplicate diets (137 mg). Conversely, in females the mean daily iodine intake from dietary records (1448 mg) was higher (P ¼ 0.43) than from duplicate diets (216 mg). Variation in iodine intakes determined by the two different methods may be attributed to the absence of iodine content of some foods, in particular foods suitable for vegan consumption, in food composition tables and the variability in iodine content of seaweed. Conclusions: The use of current food tables to estimate iodine intake in vegans is limited. It is not always practical to determine iodine intake using the duplicate portion technique, therefore more reliable information on iodine content of foods, incorporating the variation within foods, is needed.
Introduction
Iodine concentrations in foods and total diets are extremely variable and influenced by geochemical, soil and cultural conditions that modify the iodine uptake of staple crops and foods of animal origin. Geographical and seasonal variations in the iodine content of foods are particularly evident in milk and milk products. In the UK, there are marked seasonal and regional variations in the iodine content of cow's milk, although the regional variation is less pronounced (Nelson et al, 1987; Lee et al, 1994) .
Iodine intakes for adults in the UK, estimated by the Total Diet Study, are in the range of 151 -209 mg (Ministry of Agriculture, Fisheries and Food, 1997) and are above the reference nutrient intake (RNI) of 140 mg=day (Department of Health, 1991) . However, there are certain sectors of the population who might have relatively high or low intakes of iodine (Lee et al, 1994) . Vegans, a group living on plant foods only, are considered to be a group 'at risk' for iodine deficiency (Abdulla et al, 1981; Draper et al, 1993; Rauma et al, 1994; Lightowler & Davies, 1998; Remer et al, 1999) . In contrast, individuals who consume certain seaweeds may have iodine intakes approaching or exceeding the provisional maximum tolerable daily intake (PMTDI) of 1000 mg (Lightowler & Davies, 1998) .
The assessment of iodine intake in vegans consuming their habitual diet may be difficult. The weighed record method is considered to be the most accurate measure of dietary intake (Bingham et al, 1995) . However, as the final calculation of nutrient intake relies on data from food tables, variation in the iodine content within foods means that iodine intake is difficult to accurately assess using this method. Furthermore, vegans consume a variety of 'unconventional' foods that are not found in such food tables. Direct chemical analysis of foods or diets, in particular the duplicate portion technique, has been considered the best method for the assessment of trace element intake (Abdulla et al, 1989; West & van Staveren, 1995) , although the process of duplicate food collection may underestimate habitual intake (Stockley, 1985; Isaksson, 1993) .
In view of this, a cross-sectional study was undertaken to assess the iodine intake estimated from weighed dietary records with the iodine intake obtained by direct analysis of duplicate diets in a group of adult vegans consuming their habitual diet.
Methods

Subjects
A group of 33 vegans was recruited through the UK Vegan Society and were subjects from a larger study on the vegan diet (Lightowler & Davies, 1996) . Subjects who expressed a willingness to participate in the study and who met the following criteria were selected. Vegans who were at least 16 y of age and were resident within London or the southeast of England were eligible to participate. In addition, subjects who smoked on a regular basis, drank alcoholic beverages in excess of the weekly recommended units (a maximum of 28 units for men and 21 units for women), had been hospitalised during the last 3 months or subjected to general anaesthetic and=or were diagnosed as having a health disorder were excluded from the study. In addition, subjects who were pregnant or lactating were not eligible to participate. All subjects gave written informed consent for participating in the study, together with details of their GP for the purpose of notification of such participation.
Each subject was screened for health and this was undertaken by means of a questionnaire. Height and weight measurements were taken using a 'Leicester Height Measure' (Child Growth Foundation, London, UK; 207Â1 cm) and Seca dial personal scales (Seca Ltd, Birmingham, UK; 150 kgÂ500 g). Body mass index (BMI) was calculated using the standard formula: weight (kg)=height (m) 2 .
Measurement of iodine intake
Iodine intake was measured over four consecutive days including one weekend day to incorporate fluctuations in dietary patterns from weekdays to weekends. This study period was considered adequate as a 3 day period is recommended for the determination of differences in nutrient intake between groups of individuals (Bingham, 1987) . Furthermore, research suggests that population distributions of habitual nutrient intake can be accurately constructed from 4 day weighed diary data (Gay, 2000) .
During the 4 day study period, all subjects were asked to concurrently collect duplicate portions of everything that they ate and drank (including cooked food items and water) and complete a weighed dietary record. Subjects were provided with a dietary collection kit (a diet record diary, large strong bags for food collection, leak-proof bottles for liquid collection, a digital readout balance (Soehnle, Switzerland; 1 kgÂ1 g), ice packs and a cooled insulated bag) and were given instructions on how to weigh, record and collect the duplicate diets. Recipe sheets were supplied for recording ingredients, cooking method and weight of the portion eaten. Subjects who took iodine-containing dietary supplements were asked to keep a record to include the name of manufacturer, dosage and quantity taken only; dietary supplements were not added to the duplicate diets for analysis.
The duplicate diets were weighed by one of the investigators (HJL), using the same digital readout balance (Soehnle, Switzerland; 1 kgÂ1 g), and recorded. For each subject, the duplicate meals were pooled and homogenised; distilled water was added to two pooled samples, as both were too dry for homogenisation, and the weight of the water recorded. Subsamples, weighing 200 g, were extracted into plastic containers and stored at 7 21 C until analysed. Analysis of the duplicate portion samples was carried out by the Laboratory of the Government Chemist. The method employed for the determination of iodine content was a standard semi-automatic method based on the catalytic destruction of thiocyanate by nitrite in the presence of iodide and had a precision of 10% (Moxon & Dixon, 1980) . The limit of detection set by the Laboratory was < 25 mg iodine per kg food. Iodine values were given per kg of food and these were then adjusted to represent an average daily iodine intake.
For each subject, total weights of food and fluids recorded in the diet record diaries were calculated by one of the investigators (HJL). Iodine intake was estimated from the diet record diaries using the nutritional analysis software CompEat 4 (Nutrition Systems, London, UK, 1994). Food and drink items consumed but not found in the database were added (n ¼ 107) and, where necessary, the manufacturers contacted for the nutritional information (n ¼ 32). Recipes recorded by the subjects were also added to the database (n ¼ 88).
Under-reporters were identified using the energy intake:-basal metabolic rate ratio (EI:BMR est ). For each subject, the EI:BMR est was calculated using BMR estimated from equations (Schofield et al, 1985) . A cut-off value of 1.06 (Goldberg et al, 1991) was used to indicate where under-reporting had occurred. Individuals below this value were excluded from the analysis.
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Statistical analysis Data analysis was performed using the statistical package SPSS 9.0 (SPSS Inc., Chicago, IL, USA, 1998). Data are presented as means and standard deviations. Prior to statistical analysis, the normality of the data was tested using the Shapiro-Wilks statistic. If data did not appear to be normally distributed, the values were tested to see if a square root or logarithmic transformation improved normality. The Wilcoxon signed-rank test was used to compare differences between the weighed dietary record and the duplicate portion technique. The chi-square test was used to compare frequency differences between the two methods. Statistical significance was set at P < 0.05.
Results
Subjects
Of the 33 subjects recruited, 26 (11 males and 15 females) successfully completed the study. Data from seven subjects were excluded from the analysis due to incompleteness (n ¼ 3) and under-reporting (EI:BMR est < 1.06; n ¼ 4).
Subject characteristics are shown in Table 1 . Female subjects were significantly lighter in weight (P < 0.01) than the UK female population (Gregory et al, 1990) . Mean BMI values were similar in male and female subjects and were significantly lower (males, P < 0.01; females, P < 0.001) than those for the UK (Gregory et al, 1990) . The average number of years spent following a vegan diet was similar in males and females and most subjects had previously been vegetarian for an average of 7.5 ( AE 8.9) y. In addition, six subjects (three males and three females) followed specific diets, including soya-free and towards a fruitarian diet.
Mean weights of food, fluids and total diets were similar in males and females (Table 2) . Mean weight of food and fluids consumed by males estimated by the weighed diet diary and provided in the duplicate diet were similar. In females, mean weights of food and total diets calculated from the diet diaries were significantly higher than from the duplicate diets (P < 0.01 and P < 0.01 respectively, Table  2 ).
Analysis of the duplicate diets and diet diaries indicated a wide variation in the daily iodine intake -25 -1467 and 5 -13 256 mg=day respectively (Table 3) . Mean daily iodine intake in males estimated from the diet diaries was significantly lower (P < 0.01) than iodine intake analysed from the duplicate diets (Table 3 ). In females the mean daily iodine intake from the diet diaries was higher than from the duplicate diets, although the difference was not significant; this may be attributed to the wide variation in iodine intake in this group (Table 3) . In males, mean daily iodine intake estimated from the diet diaries was significantly lower (P < 0.001) than the RNI of 140 mg=day (Department of Health, 1991) .
The chi-square test statistic (w 2 ¼ 3.77, 1 d.f. P ¼ 0.05) showed that a significantly higher proportion of male subjects had iodine intakes below the lower reference nutrient intake (LRNI) of 70 mg=day (Department of Health, 1991) when analysed from the duplicate diets compared with that estimated from the diet diaries (Table 4) .
Discussion
The importance of dietary iodine for normal growth and development, both mental and physical, is widely accepted with both deficient and excessive intakes having serious repercussions. In our study, analysis of both diet record diaries and duplicate diets showed a wide variation in iodine intake; the implications of low and high iodine intakes in vegans are discussed elsewhere (Lightowler & Significantly higher than females: {{ P < 0.01; {{{ P < 0.001.
Significantly lower than the UK population (Gregory et al, 1990 ): **P < 0.01; ***P < 0.001. 
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Davies, 1998). The findings highlight the need to accurately assess the iodine content of the diet and, in particular, the vegan diet. Differences in estimation of iodine intake according to the two methods used were seen in male and female subjects. Iodine intake in males estimated from duplicate diets was higher than that estimated from diet record diaries while in females the duplicate portion technique indicated a lower iodine intake. These differences may largely be attributed to the use of food tables to estimate iodine intake. Firstly, low iodine intakes in males estimated from the diet diaries may be attributed to the absence of vegan foods and iodine content of some foods in the tables. None of the manufacturers who were contacted were able to provide the iodine content of their products, therefore iodine intakes estimated from dietary records were incomplete. This supports the suggestion of Stockley (1985) that errors arise from the use of food tables for the calculation of nutrient composition in the weighed inventory method of dietary assessment.
Secondly, high mean iodine intakes in females were due to seaweed consumption in two subjects; in both subjects the iodine content of the seaweed alone exceeded the RNI. The difference in mean iodine intakes may be attributed to the variability in iodine content of seaweed and, in particular, the higher iodine content of seaweed reported in food tables compared with that analysed in the duplicate diets. Moreover, seaweed significantly increased mean iodine intake measured from the diet records (P < 0.001) and by the duplicate portion technique (P < 0.01). The findings support the suggestion of Rauma et al (1994) that dietary iodine intake in vegans is dependent on the use of seaweed. This trend was also observed by Katamine et al (1986) in their Japanese population where seaweed is a feature in the diet.
A confounding factor in the assessment of iodine intake may be dietary supplements. It has been suggested that vegans do not take iodine from dietary supplements in amounts sufficient to raise intakes to the RNI (Draper et al, 1993; Lightowler & Davies, 1998) . Although the iodine content of dietary supplements was not analysed in this study, previous research has shown that there is uncertainty and variability in the iodine content of dietary supplements (Lee et al, 1994) .
A significant difference in duplicate diet and weighed record weights in females was found and may be attributed to underallocation to the duplicate sample. This finding supports the suggestion of Stockley (1985) that subjects may be reluctant to set aside samples of food for analysis. Reimbursement for the food costs associated with the duplicate diet collection may help to overcome this limitation of the duplicate portion technique. James et al (1981) suggest that duplicate diet collections may underestimate total food intake. This may be exacerbated when replicates are estimated by eye rather than weighed. In our study, subjects were asked to weigh out a duplicate portion rather than judge the amount of food eaten. However, differences in weights between the two methods were still evident in some subjects, highlighting the reluctance of some subjects to provide duplicate diet collections.
The duplicate portion technique may be considered the best method for the assessment of trace element intake (Abdulla et al, 1989; West and van Staveren, 1995) Iodine intake in vegans HJ Lightowler and GJ Davies directly measures the actual nutrient intake and provides more realistic estimates of the potential intake. Similarly, the weighed record has been considered the most accurate method for assessing food and hence nutrient intake (Bingham, 1987) . However, the precision of the results should be addressed. Assessment of micronutrient intake over 4 days may be considered questionable, although it has been suggested that increasing the recording period from 4 to 7 days is associated with only a marginal increase in the precision of estimated habitual nutrient intakes (Gay, 2000) . An increase in precision may be achieved by increasing the number of subjects. However, the duplicate portion technique is labour-intensive and requires a significant amount of subject commitment, therefore its use is usually restricted to small groups and the data are usually collected over a short period of time (Petersen & Barraj, 1996) .
as it
The use of the EI:BMR est eliminated under-reporters from the study; while this is not related to validity of the results, it may indicate the degree of accuracy provided by the subjects. The representativeness of the estimates of nutrient intakes using the duplicate portion technique has been questioned as subjects may modify their dietary behaviour. Moreover, the process of duplicate food collection may underestimate habitual intake. If subjects are asked to weigh out duplicate portions and are reimbursed for the food costs associated with the duplicate diet collection, it may be possible to collect complete duplicates of food and drink consumed. The imposition of long periods of duplicate diet collections is likely to reduce compliance (Bingham, 1987) , therefore short collection periods are necessary.
The findings from this study highlight the importance that choice of dietary assessment method has on the estimation of iodine intake in vegans. Differences in iodine intakes in both male and female subjects may be attributed to inconsistencies in food tables, thus it would appear that the duplicate portion technique is a useful method to estimate nutrient intakes of groups of individuals with particular diets. However, it is recognised that asking individuals to collect a duplicate diet does affect their dietary habits and this must be taken into consideration. The measurement of urinary iodine excretion may be used as an indicator of iodine intake and iodine deficiency, although obtaining urinary iodine that truly reflects iodine intake is difficult (Lightowler & Davies, 1998) .
In conclusion, the use of current food tables to estimate iodine intake in vegans is limited. The use of dietary records and food tables may be considered inappropriate to reasonably estimate iodine intake in groups of individuals consuming unconventional foods not listed, or inconsistently listed, in food tables. This is of some concern as it is not always practical to determine iodine intake using the duplicate portion technique. More reliable information on iodine content of foods, incorporating the variation within foods, is needed.
